A new study suggests that rhythmic brain activity plays a causal role in the perceptual segregation of sound patterns, rather than such activity simply being a non-functional by-product of sensory processing.
Rhythmic fluctuations in neural activity (or brain oscillations) occurring at many different spatial and temporal scales is a ubiquitous feature of the brain's physiology [1] , arising from the dynamic interactions between neurons within and across brain areas [2] . Most neurophysiological studies of perception and cognition, however, have focused on more discrete aspects of brain activity, such as the rate of action potentials in a fixed period around the time of a stimulus [3] and the slower evoked potentials that occur after a stimulus [4] . Efforts to study the role of brain oscillations in perception and cognition have often been met with considerable skepticism [5] because the standard assumption is that the number of action potentials occurring in a certain amount of time is sufficient for most if not all aspects of neural coding [6] . Recently, however, research has demonstrated striking brain oscillations that correlate with the rate and phase of attended sound patterns [7] , consistent with oscillation theories of rhythmic expectancy [8] . Such activity has even been found in recordings on the cortical surface in humans during a speech segregation task [9] . A new study reported in this issue of Current Biology by Riecke et al. [10] has now provided causal evidence that the timing of rhythmic brain activity affects sound segregation.
Riecke et al. [10] asked participants to listen for a target tone pattern that was repeated regularly along with steady background noise, and to report continuously whether they heard the target pattern, as in prior studies of sound segregation (for example [11] ; reviewed in [12] ). Unlike in prior studies, however, brain activity was not measured during the task; rather, electrical current was passed from electrodes placed on either side of the head to a return electrode on top of the head in order to rhythmically stimulate the superior temporal lobe, which contains the auditory cortex ( Figure 1A ; for details see [13] ). The current was delivered at the same rate of the sound pattern in one of two manners ( Figure 1B ): the current was delivered either with a similar phase as the sounds (each current peak occurring around the same time as a target sound), or out of phase with the sounds (each current peak occurring between the time of two target sounds). The results ( Figure 1C) showed that it took less time for participants to notice the target sounds when the electrical current was delivered in phase with the sounds, suggesting that aligning the phase of brain activity with a stimulus facilitates sound segregation and target-in-noise detection. Interestingly, the precise phases of current that best facilitated detection corresponded to delays similar to that of brain responses correlated with sound segregation [14] and conscious auditory perception more generally [15] .
As Riecke et al. [10] point out, their findings have important implications for our understanding of the role of rhythmic brain activity in auditory segregation and rhythm perception. Most notably, the fact that matching the phase of brain activity with a rhythmic stimulus facilitates quicker segregation of target sounds from background noise suggests that rhythmic aspects of brain activity play a functional role in processing and are not simply a by-product of stimulating the brain with a regular pattern, as has been one reasonable interpretation of many past neurophysiological studies of sound pattern segregation [12] .
The findings also lend support to the use of spectral analysis methods that characterize the period and phase of relatively long segments of neural activity, as opposed to measuring discrete responses to each event in a pattern, which can fail to reveal important rhythmic aspects of brain activity [16] . It is also important to note, however, that other studies suggest neural oscillations at frequencies other than the rate of tone repetitions play an important role in processing rhythmic patterns; specifically, there is evidence that the amplitude of higher-frequency activity is modulated by lower-frequency oscillations that have phases that are correlated with the stimulus [7, 9] . A promising avenue for further research using brain stimulation techniques is therefore to manipulate the interactions between brain rhythms of different frequencies in order to test the causal influence of these neural dynamics on perception.
One thing Riecke et al. [10] do not point out is that their study also provides new evidence for the importance of cortical processing in sound segregation, because auditory cortex was directly stimulated and because auditory cortex is specifically responsive to the relatively slow rhythms of the electrical and auditory stimuli [17] , in contrast to subcortical areas that are more responsive to faster rhythms. Prior behavioral and neurophysiological studies have strongly suggested that, although many aspects of sound segregation likely rely on peripheral and early subcortical mechanisms of sound processing (for example, frequency coding and neural adaptation), there are several roles for higher-level processing in sound segregation [12, 18] . These include: the extraction of certain sound properties, such as pitch, that are computed relatively late in the auditory system and are used for segregating targets from background; attentional facilitation of segregation; and memory-based adjustments to perceptual interpretations based on prior stimulus properties and prior perceptual interpretations. The data from Riecke et al. [10] suggest that the matching of neural phase to stimulus phase can be added to this list of cortical mechanisms of segregation. Furthermore, the new evidence for a causal role of brain oscillations provides greater urgency for understanding the mechanism underlying cortical preferences for relatively slow repetition rates [18] , which could provide insights into why auditory communications signals such as speech and music have rhythms around the rate studied by Riecke et al. [10] .
Another recent study using rhythmic current stimulation in humans has found evidence for the importance of a faster brain rhythm: Cabral-Calderin et al. [19] found that stimulating the visual cortex with a 60 Hz repeating current, but not at other frequencies, resulted in more perceptual reversals while viewing an ambiguous visual motion pattern. Unlike in Riecke et al. [10] , in the work of CabralCalderin et al. [19] the visual motion pattern did not have a 60 Hz pattern (compare [6] ), so it is likely that the importance of this frequency derives from the neural dynamics of visual cortex. Along with the findings of Riecke et al. [10] , this finding in vision suggests that brain rhythms at different frequencies can play critical roles in perception and should be studied more.
One limitation to both of these new studies [10, 19] , however, is that it is unclear what exactly rhythmic brain stimulation does to brain activity in these cases. Thus, future studies should measure neural activity during brain stimulation [20] . Such studies could also quantitatively model how changes in rhythmic brain activity mediate the effects of brain stimulation on perception and cognition. Furthermore, studies should measure activity in multiple brain regions and at multiple frequencies, not just the one(s) being stimulated, because it is possible that they also help mediate the effects of brain stimulation on behavioral changes. Recording of brain activity during brain stimulation could also enable directly testing specific theories such as the proposal by Riecke et al. [10] that the reason buildup of segregation is so abruptly reset is due to the resetting of cortical oscillations that entrain with regular sound patterns.
Finally, the study by Riecke et al. [10] highlights the power and relative scarcity of studies that use methods that afford causal statements to be made about the role of particular brain areas or processes. The new study is one of the only ones to show that a particular brain area (auditory cortex) and a particular brain process (the phase of rhythmic activity) can be manipulated to change auditory segregation, despite dozens of studies on neural correlates of segregation [12, 18] . Although studying individuals with brain damage or using brain stimulation to connect brain and behavior in a causal fashion has been done for many decades in neuroscience, the measurement of neural correlates of perception and cognition has been much more common (and more impactful) in recent years. On October 12, 2015, a search for papers published from 2011-2015 on Web of Knowledge with titles that contain the words ''functional magnetic resonance imaging or fMRI'' yielded 9,733 papers and an h-index of 57 (the minimum number of times the same number of papers have been cited). In contrast, a search for titles that contain the words ''transcranial magnetic stimulation or TMS'', the most common brain stimulation technique, yielded only 4,019 papers and an h-index of 36. Perhaps, papers such as Riecke et al. will inspire a rebalance in the field of cognitive neuroscience so it spends more time testing the causal role of neural correlates of perception and cognition, rather than mostly discovering new ones. To study the origin of life, synthetic biologists construct simple 'protocells', but previous models were not able to reproduce both genome and membrane sustainably. A recent advance feeds the protocells by vesicle fusion, suggesting a practical pathway for indefinite self-reproduction.
What is life, and how can we make it? NASA's Exobiology Program uses the working definition of life as ''a selfsustaining chemical system capable of Darwinian evolution'' [1] . Several research labs have undertaken the task of synthesizing an organism that meets this definition. It seems clear that some propagating genetic information is necessary, whether it is a self-replicating RNA [2] or a system of enzymes and DNA [3] . In addition, there are convincing arguments for encapsulating the genetic system inside self-replicating vesicles, creating a primitive entity called a 'protocell'. Compartmentalization enables a crowded, cell-like interior with concentrated contents [4] and is essential for combatting the evolution of parasitic genomes that replicate without contributing to the protocell's metabolism [5, 6] . In 2011, PCR amplification of encapsulated DNA was successfully combined with the growth and division of phospholipid-based vesicles [7] . However, the vesicle composition in that system changed after self-reproduction, because the added membrane lipids differed from the original membrane composition, causing the membrane composition to become progressively distorted. The system, therefore, failed to meet the criterion of 'self-sustaining' in NASA's definition of life. Now, the same group has overcome this problem by fusing the self-reproducing vesicles with feeder vesicles, thus allowing the vesicle composition to be sustained over multiple generations [8] .
The idea of protocells can be traced back to the Russian biochemist
